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CATTLE
Separate tables have been made of the recorded values for the
blood of the cow and that of the ox. In morphology the cells can-
not be distinguished, so that the following description suffices for
both.
I. Method of obtaining blood. Various regions have been used
for obtaining blood, notably the ear, rump, and tail. Dimock and
Thompson'24 obtained the blood from the lateral aspect-of the tail,
at a point about 18 inches from the body, in order to avoid punctur-
ing the artery in the lower side. The hair should be dipped from a
small area, which should be thoroughly cleansed, and the wound
made with a spring-lancet. Storch547, Turowski573, and Kuhl29' used
the ear vein in their rather extensive studies. Smith and Kil-
bourne536, and Hibbard and Neal2"0 clipped the hair from a region
of the rump overlying the flaring hip-bones.
II. Description of the red blood cells. These are biconcave
discs, similar to those of the horse. A detailed description of the
cells is lacking.
Size. The average size of the erythrocyte in cattle is 5.6iA.
The following table gives the normal values quoted.
Authority Average Maximum Minimum
Bethe ............ ........ (33) 5.9,u 7.2,u 4.6,u
Friedberg .................... (179) 5.9 7.0 4.8 (oxen)
Gulliver .................... (204) 5.95
Ilberg .......... ......... (249) 6.8 -
Lenze ............ ........ (314) 5.1 6.8 3.4
Magnan ................... (339) 5.3
Malassez ................... (340) 6.0 -
Schmidt, C ................... (503) 5.8 6.2 5.4 (oxen)
Schmidt, H ................... (504) 5.4 6.6 4.1 (oxen)
Smith & Kilbourne .............. (536) 5.5 6.0 5.0
Sussdorf ................... (551) 5.6 -
III. Emnmeration of the red blood cells. The average number
of erythrocytes in cattle, as determined by 200 counts by 15 investi-
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gators is 6,620,000 per cu. mm., with the normal count ranging
from about 5 to 8 million. The average number in oxen, as deter-
mined by 51 counts by 6 investigators is 6,820,000 per cu. mm.
The accompanying tables give the values recorded.
ERYTHROCYTES (COW)
Authority
Burnett ........................
Dimock & Thompson....
Fritsch ........................
Hibbard & Neal ..........
Kuhl ............................
Malassez ......................
Marloff ........................
Schroeder & Cotton
Smith & Kilbourne ......
Stoltzing ......................
Storch ..........................
Turowski ....................
Utendorfer ..................
Wells & Sutton ............
W'etzl ..........................
(80)
(124)
(181)
(230)
(295)
(340)
(350)
(508)
(536)
(546)
(547)
(573)
(574)
(605)
(607)
Average ................
(199 counts by 15 authors-)
Average
6.0
6.2
5.7
6.1
5.7
4.2
7.0
6.5
6.9
6.0
5.1
6.5
5.5
6.5
8.0
7.2
8.0
7.7
7.0
6.62
ERYTHROCYTES
Authority
Goodall ........................
Hayem ........................
Kuhl ............................
StOltzing ......................
Storch ..........................
Turowski ....................
(194)
(216)
(295)
(546)
(547)
(573)
Average
6.5
8.7
5.7
5.1
6.7
6.7
Maxi-
mum
8.0
7.9
6.8
8.0
8.0
7.6
6.2
7.6
8.3
(Ox)
Maxi-
mum
8.6
7.4
Mini-
mum
5.0
4.8
4.9
5.0
4.5
5.1
5.0
5.6
7.3
Mini-
mum
5.7
5.8
No. of No. of
Counts Animals
normal
21 21
10 10
41 41
10 10
normal
10 I10
16 16
normal
2 2
10 10
10 10
20 20
8 8
normal
normal
normal
9 9
No. of No. of
Counts Animals
normal
normal
normal
1 1
10 10
10 10
Average ..............
(51 counts by 6 authors)
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IV. Physiological variations of the red blood cells.
Age. Calves have an average count of from 0.5 to 1 million
higher than have adult cattle (Storch547, Turowski578).
Sex. Cows have lower counts than bulls, with a difference of
from 1.0 to 1.5 million (Storch547, Holz28i, Turowski6T8). Turow-
ski found that six male calves had an average count of 0.6 million
higher than did six female calves. Pregnancy has no effect on the
erythrocytic content of the blood. Castration is also without influ-
ence (Storch547, Turowski578).
Season. Smith and Kilbourne53" have found a seasonal varia-
tion, with a maximum value of 7 million in winter and 5 million in
late summer.
Breed. In cattle of precocous breeding there is a tendency to
anemia (Friedberger and Frohner'80).
V. Hemoglobin content. No determinations of the hemoglobin
percentage by the Sahli apparatus are recorded. The normal value
is about 60 per cent by Gower's and Oliver's hemoglobinometers.
The following table gives the values reported.
HEMOGLOBIN
Authority sc g t : $ Technic
Barnett ................. (80) 63.0 85.0 45.0 normal Tail blood
Dimock & Thompson (124) 60.0 85.0 45.0 21 21 Tailblood
Fritsch ................. (181) 10.8 10 10 g. per 100 cc. blood
Hibbard & Neal ........... (230) 84.0 - 41 41 Dare
Kuhl ................... (295) 11.0 11.9 9.8 10 10 Ear blood. Hufner's
spectrophotometer
Subbotin .................. (549) 8.9 ....9.3 8.4 5 5 g. per I100 cc. blood
Dre.yer'sspectroscope
12.1 - normal g. per 100 cc. blood
(oxen)
VI. Physiological variation in hemoglobin. No-studies of this
subject could be found in the literature.
VII. Description of the white bloodcorpuscles. The only satis-
factory descriptio'n found was that by Dimock and Thompson"'4.
Polymorphonuclear neutrophils. These cells are larger than
thelymphocytic, andsmaller than thelarge mononuclear cells. The
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nudeus is divided into two or more parts, connected by thread-like
bands, or it may sometimes appear lunate. The nucleus appears
to have a reticulated structure and stains deeply. The protoplasm
contains numerous, very fine, neutrophilic granules.
Lymphocytes. These are from 2 to 3 times the size of the red
cell. The nucleus is large and circular, occupying nearly the entire
cell. The narrow encircling rim ofprotoplasm is even more strongly
basophilic than is the nudeus.
Large mononuclear and transitional cells vary greatly in size,
being from 2 to 6 times the diameter of a red cell. The nucleus
is horseshoe-shaped, reticulated, and often occupies not over one-
half of the cell. The protoplasm is not as strongly basophilic as is
that of the lymphocyte.
Polymorphonuclear eosinophils. These cells are about the same
size as are the neutrophils. The nucleus occupies from one-third
to one-half of the cell, and is bi- or trilobed, the lobes being con-
nected by short bands of cytoplasm. It is vesicular. The proto-
plasm contains many large acidophile granules of circular outline.
Polymorphonuclear basophils are of the same size as the eosino-
phils. The nucleus is sometimes bilobed, but more often it appears
as a large, single, bent nucleus. It is frequently hidden by the
many large basophilic granules contained in the protoplasm. These
granules are strongly basophilic, circular or oval in outline, and of
about the same size as those of the eosinophils.
VIII. Enumeration of the white blood cells. The average total
leukocytic count in cattle, as found in 291 counts by 18 investigators,
is 9,250, with a normal range of about 6,000 to 12,000. The total
count in oxen is the same as in cattle. The average differential
findings are as follows:
Polymorphonuclears ............................... 41.9go (20-40)
Lymphocytes. .............................. 55.4%o (45-65)
Large mononuclears and transitionals ............ 5.2%o (3-15)
Eosinophils ............. .................. 7.7%o (3-15)
Basophils ........... .................... 0.62%go (0-1)
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IX. Physiological variations of the white blood cells.
Age. The total leukocytic count is higher in calves than in
adult cattle (about 4,000 higher). The lymphocytes are about 10
per cent higher, and the neutrophils 10 per cent lower in calves than
in adult cattle (Storch547, Turowski573, Utendorfer5"4, DuToit46,
Biber"6, Kuhl295).
Sex. Storch547 found lower counts in males than in females,
but Utendorfer57' and Turowski573 both report higher counts in
males than in females. There is no appreciable difference in the
differential count in the sexes.
Pregnancy has no appreciable effect on the leukocytic count, nor
does castration alter the count (Turowski578).
Digestion. Utendorfer574 observed a digestive leukocytosis.
X. Platelets. No reference to platelet counts in cattle could be
found.
XI. Coagulation time. The following normal values are found
in the literature:
Amendt ... . (7) 6/2 min. 40 animals Biurker's method
Delafond ... . (122) 25 to 30 min.
Parey ... . (428) 8 to 10 min.
XII. Resistance of the red blood cells. Lyon337 has found the
erythrocytes of oxen to be quite resistant to saline, beginning hemo-
lysis occurring with 0.60 per cent, complete hemolysis with 0.40
per cent.
XIII. Blood volume. Heissler22' reports the blood volume to
be 7.7 per cent of the body weight.
XIV. Specific gravity. Nothing on this subject could be found
in the literature.
SHEEP
I. Method of obtaining blood. Blood can be obtained easily
from the ear by a spring-lancet stab. The animal will lie still if
placed on its side.
II. Description of the red blood cells. A majority of the cells
are rounded, biconcave discs, but there are many elliptical, flat discs.
Anisocytosis is marked, there are numerous ring forms, and there
is moderate polychromatophilia. There is no stippling.
Nucleation does not occur in normal blood (Klieneberger and
Carl281).
7576 YALE JOURNAL OF BIOLOGY AND MEDICINE
Size. The average diameter of the erythrocytes is 5.0V. The
following table records the values given in the literature:
Authority
Friedberg ..................................
Goodall ......................................
Gulliver ....................................
Ilberg ........................................
Klieneberger & Carl ..................
Lenze ........................................
Schmidt, C...............................
Welcker ....................................
(179)
(194)
(204)
(249)
(281)
(314)
(503)
(601)
Average
5.4,
5.0
4.8
4.3
5.4
4.5
5.0
III. Enumeration of the red blood cells.
Maximum Minimum
6.0 4.8
4.9
5.9
4.8
5.1
4.0
The average number
of erythrocytes as determined in 72 counts by nine investigators is
10,380,000. The normal range is from about 8,000,000 to
12,000,000.
The accompanying table gives the values found in the literature.
ERYTHROCYTES
Authority
Cohnstein ....................
Giltner ........................
Goodall .......................
Klieneberger & Carl
Storch ..........................
WVarthin ......................
Wells & Sutton ............
Wetzl ..........................
Woltmann ....................
(97)
(190)
(194)
(281)
(547)
(591)
(605)
(607)
(617)
Average
12.1
10.2
10.0
11.8
11.2
9.8
10.4
12.5
10.4
8-9.3
8.0
Maxi Mini-
mum mum
13.0 11.3
11.5 9.1
12.4 10.2
10.6 9.0
11.2 9.5
No. of No. of
Counts Animals
5 5
4 4
normal
8 8
5 5
8 8
9 9
normal
normal
normal
10 20
Average ............... 10.38
(72 counts by 9 authors)
IV. Physiological variations of the red blood cells. Cell counts
in the same individual are practically constant from day to day.
Age. Storch547 found that lambs less than two weeks old had
red counts two million lower than the normal adult, while lambs
two months old had counts 2.5 million higher than normal adults.
Sex. Males have somewhat higher counts than females
(Storch547).
Pregnancy reduces the number of erythrocytes by as much as
2,000,000 per cu. mm.
Castration. Storch has found that the average count in cas-
trated animals is about 1,000,000 lower than in normal animals.BLOOD PICTURE OF NORMAL LABORATORY ANIMALS
V. Hemoglobin content. Data are not sufficient to determine
a normal value for the hemoglobin in sheep. The following table
gives the values found in the literature:
Giltner ....... ...... (190) 85% (80-90) in 2 animals. Tallqvist scale
Klieneberger & Carl .......... (281) 59% (55-65) in 6 animals. Sahli
Wetzl ...... ....... (607) 55%o (47-63) normal. Fleischl
VI. Physiological variations in hemoglobin. No data found in
the literature.
VII. Description of the white blood corpuscles.
Polymorphonuclear neutrophils. These cells are about the size
of thelymphocytes, with a polymorphorous, rather pyknotic nucleus.
The protoplasm contains rather numerous, fine granules, smaller
than in the human cell, which are weakly neutrophilic, requiring
long staining to make them distinct.
Lymphocytes. These cells have a large, round, rather pyknotic
nucleus. There is a narrow band of weakly basophilic protoplasm,
containing occasional azurophile granules of varying size.
Large mononuclear and transitional cells. These cells are
larger than the lymphocytes. The nucleus is more vesicular, the
protoplasm more weakly basophilic, with occasional azurophile
granules of variable size.
Polymorphonuclear eosinophils. These cells have a polymor-
phous nucleus, more pyknotic than in the other polymorphonuclears.
The protoplasm is rather densely packed with rounded, fairly large
granules, acidophilic in reaction.
Polymorphonuclear basophils. These cells have a polymor-
phous nudeus, not quite as pyknotic as that found in the eosinophils,
but slightly more so than in the neutrophils. The granules are
small, strongly metachromatic, and are variable in size and density,
the same cell often showing marked variations.
VIII. Enumeration of the white blood cells. The normal
number of leukocytes is rather constant, the average found in 67
counts by seven investigators being 7,840 per cu. mm. The normal
range is from 5,000 to 10,000.
The average differential findings are as follows:
Polymorphonuclears ................................ 35.7%e (20-45)
Lymphocytes................................ 56.9%o (50-70)
Large mononuclears and transitionals ............ 6.0%o (1-8)
Eosinophils .............. .................. 2.5%o (1-7)
Basophils ................................ 0.4%o (0-2)
The accompanying table gives the values found in the literature.
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IX. Physiological variations of the white blood cells. Age
does not appear to affect the leukocytic content of the blood. Preg-
nancy and castration have no effect. Males have slightly higher
total counts than females (Storch547).
X. Platelets. Klieneberger and Carl28' report platelets as
rather plentiful in sheep blood. No counts could be found in the
literature.
XI. Coagulation time. This has been found to be from one-
half to eight minutes by various investigators.
Amendt .......... ........... (7) 22 min. 2 animals
Delafond ............ ......... (122) 5 to 8 min. normal
Parey ........ ............. (428) 4 to 8 min. normal
Rollet ........ ............. (471) Y2 to 12 min. normal
XII. Resistance of the red blood cells. Ottenberg and Hop-
kins,420 in the one normal animal studied, found beginning hemolysis
in 0.575 per cent saline; complete hemolysis with 0.4 per cent
saline. Lyon837 found beginning hemolysis in 0.65 per cent saline,
with complete hemolysis in 0.45 per cent in the 6 animals recorded.
XIII. Blood volume. Heissler22' found the average blood
volume to be 8.3 per cent of the body weight.
XIV. Specific gravity. Muntz389 has found this to be 1.038.
THE GOAT
I. Method of obtaining blood. Blood may be easily obtained
from the ear lobe by a spring-lancet stab.
II. Description of the red blood cells. The erythrocytes are
biconcave discs, with many cells having a tendency to ovoid form.
There is marked anisocytosis and moderate polychromatophilia.
Nucleation does not occur in normal goat blood.
Size. The average size of the erythrocyteis 4.3F. The follow-
ing table gives the values found in the literature:
GooCdall ................... (194) 4.1,u
Hayem . (216) 4.25 (3.2-5.4)
Ilberg ................... (249) 3.9
Malassez ................... (340) 3.5
Sussdorf .............. ..... (551) 4.1
Welcker ................... (602) 5.4
III. Enumeration of the red blood cells. The erythrocytic
count in the goat is very high, the average of 149 counts by twelve
investigators being 14,420,000 per cu. mm. The accompanying
table gives the values recorded.
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ERYTHROCYTES
Maxi- Mini- No. of No. of
Authority Average mum mum Counts Animals
Burnett ................ (80) 9.0-10.0 - normal
Goodall ................ (194) 14.0 - normal
Hayem ................ (216) 19.0 4 4
Luden ................ (332) 16.1 - 2 2
Malassez ................ (340) 18.0-- normal
Mann ................ (346) 16.6 40 40
Marloff ................ (350) 13.9 - 10 10
13.1 10 10
Mohler & Washburn .... (371) 9.9 normal
Storch ................ (547) 15.3 17.0 13.2 5 5
13.8 15.3 12.1 8 8
Sussdorf ................ (551) 9.0-10.0 normal
Warthin ................ (591) 16.0 normal
Wells & Sutton ............ (605) 15.0 normal
Average ................ 14.42
(149 counts by 12 authors)
IV. Physiological variations of the red blood cells.
Age. Wells and Sutton605 have found considerably higher
counts in the kid angora goat than in the adult angora, but Storch54T
found lower counts in young animals-I0,200,000 as compared with
14,200,000 in the adult.
Sex. Males have higher erythrocytic counts than do females,
according to Storch547, but Mann846, in 40 animals, found the-reverse
to be true; in females 17,200,000, in males 16,100,000 per cu. mm.
Pregnancy.. Storch found, in twelve animals examined, slightly
higher counts in pregnant than in non-pregnant animals.
V. Hemoglobin content. No study of the hemoglobin percent-
age in goats could be found.
VI. Physiological variation in hemoglobin. No studies were
found.
VII. Description of the white blood corpuscles. In morphol-
ogy, the leukocytes are similar to those of sheep. The neutrophilic
granules are closer together and very much smaller than in the.
human neutrophil.
VIII. Enumeration of the white blood cells. The average
number of leukocytes found in 153 counts by nine investigators is
12,060 per cu. mm., with a normal range of about 6,000 to 15,000.
The only differential studies on record are those of Luden882,
whose figures appear in the tablebelow.BLOOD PICTU:
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IX. Physiological variations of the white blood cells.
Age. Wells and Sutton605 have found higher total leukocytic
counts in the kid than in the adult goat. Storch547 found no dif-
ference associated with age.
Sex. Storch547 found no appreciable difference, but Mann"46
believes that females have slightly higher total leukocytic counts.
than have males.
X. Platelets. No studies of the platelet content of goat blood
were found.
XI. Coagulation time. Amendt7 tested 15 animals bythe Burker
method, finding an average coagulation time.of 2X2 minutes.
XII. Resistance of the red blood cells. No studies were found
in the literature.
XIII. Blood volume. Studies are lacking.
XIV. Specific gravity. Sussdorf"' has found an average value
of 1.042 for thespecificgravity for goat blood.